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DIVERSITY BRANCH DELAY ALIGNMENT IN 
RADIO BASE STATION 

BACKGROUND 

1 . FIELD OF THE INVENTION 

[0001] The present invention pertains to wireless telecommunications, and particularly 
to diversity branch delay alignment in a sector of a radio base station of a radio access 
network of a telecommunications system. 

2. RELATED ART AND OTHER CONSIDERATIONS 

[0002] In a typical cellular radio system, mobile user equipment units (UEs) 
communicate via a radio access network (RAN) to one or more core networks. The 
user equipment units (UEs) can be mobile stations such as mobile telephones 
("cellular" telephones) and laptops with mobile termination, and thus can be, for 
example, portable, pocket, hand-held, computer-included, or car-mounted mobile 
devices which communicate voice and/or data with radio access network. 

[0003] The radio access network (RAN) covers a geographical area which is divided 
into cell areas, with each cell area being served by a base station. A cell is a 
geographical area where radio coverage is provided by the radio base station equipment 
at a base station site. Each cell is identified by a unique identity, which is broadcast in 
the cell. The base stations communicate over the air interface (e.g., radio frequencies) 
with the user equipment units (UE) within range of the base stations. In the radio 
access network, several base stations are typically connected (e.g., by landlines or 
microwave) to a radio network controller (RNC). The radio network controller, also 
sometimes termed a base station controller (BSC), supervises and coordinates various 
activities of the plural base stations connected thereto. The radio network controllers 
are typically connected to one or more core networks. 
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cables, some type of compensation value is calculated and employed to adjust the 
induced delay between the branches. 

[00014] Unfortunately, the foregoing attempt to compensate for delay differences 
entails substantial error. Factory measurement of hardware delay may not be accurate, 
5 and in any event may differ substantially from actual delay experienced due to non- 
factory (e.g., installation at base station) environmental factors. Moreover, temperature 
and equipment aging introduce relatively serious errors in calculating a delay difference . 
between two branches. Further, any delay difference contribution owing to differing 

u direction of arrival of two branches is not taken into account. 

G 

J 10 [00015] In order to make beneficial use of diversity antennas for a same cell/carrier at a 
zj base station, the delay alignment precision between the two diversity branches should 

m be on the order of about 32.55 nanosecond. The better the alignment, the greater the 

4=3 diversity gain. Yet the best precision that current techniques (such as that 

□ aforedescribed) can muster is around 65 nanoseconds. 

y] 15 [00016] What is needed, therefore, and an object of the present invention, is a 
^ technique for providing more accurate delay difference precision between differing 

branches of a radio link for diversity antennas of a sector of a cell. 

BRIEF SUMMARY OF THE INVENTION 

[00017] A base station included in a radio access network of a telecommunications 
20 system has two diversity antennas for a sector served by the base station which are 

respectively involved in transmission of two branches of a radio link signal between the 
base station and a user equipment unit. Two branches of signal processing hardware 
respectively process the two branches of the radio link signal to yield two respective 
processed branches of the radio link signal. A rake receiver measures the delay 
25 difference between the two processed branches of the radio link signal, and uses the 
measured delay difference for various purposes. 



[00018] For example, some embodiments of the invention use the delay difference 
between the two branches as measured by the rake receiver to compensate for a delay 
difference which exists between the two processed branches of the radio link signal. 
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When measuring the delay difference between the two branches of an uplink radio 
signal, a rake receiver at the radio base station is employed. On the other hand, when 
measuring the delay difference between the two branches of a downlink radio signal, a 
rake receiver at test user equipment unit is employed. 

5 [00019] In a first embodiment of the invention, a rake receiver measures the delay 
difference between the two processed branches of the uplink radio link signal. The 
delay difference is utilized (e.g., by a processor) to determine a delay alignment 
adjustment value. The delay alignment adjustment value is applied to one of the two 
branches of signal processing hardware, for example to a delay alignment buffer 
10 included in one of the branches of signal processing hardware which has the shortest 
delay prior to the adjustement. 

[00020] One example implementation of the first embodiment involves measuring the 
delay difference between the two processed branches of the radio link signals for plural 
calls (e.g., plural connections), and preferably for plural user equipment units. In this 

15 example implementation, plural rake receivers are utilized for a sector. The plural rake 
receivers (which can be configured, e.g., as an array of rake receivers) are configured so 
that at least some of the plural rake receivers can be utilized by plural sectors of the 
radio base station. The rake receivers measure delay difference values between the two 
processed branches of the radio link signal, measuring the delay difference values for 

20 differing ones of the plural sectors. A local memory provided for each of the plural 
rake receivers stores an average of plural delay difference values measured for a 
specified sector. A processor periodically accesses the local memory to obtain the 
average of the plural delay difference values for each of the plural rake receivers for the 
specified sector, and uses the average delay difference value from each rake receiver 

25 having a measurement for the specified sector to calculate the delay alignment 

adjustment value for the specified sector. In a variation of this implementation, the rake 
receiver is situated on a receiver board which also bears a board processor (which 
determines the average of the plural delay difference values for the rake receivers on 
the receiver board) and the local memory. The processor which periodically accesses 

30 the local memories is a main processor of the radio base station which has access to 
each of the receiver boards (which form a pool of receiver boards). 
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[00021] A second embodiment of the invention differs from the first embodiment in 
that the two branches of the uplink radio link signal are received by the two diversity 
antennas from a test user equipment unit which is situated essentially equidistantly from 
the two diversity antennas. The test user equipment unit is situated at a close and 

5 substantially equal distance from the two diversity antennas with a fairly good 

accuracy, i.e., a couple of nanoseconds. As in the first embodiment, the rake receiver in 
the receiver board measures the delay difference between the two processed branches in 
each sector (e.g., for each antenna pair) for the radio link which is established with the 
test user equipment unit. The measurements performed by the rake receiver are 

10 performed at a frequency defined by a service provider, and are stored in a local 

memory. Thereafter, as in the first embodiment, the measurements of the rake receiver 
are processed by a main processor, which calculates the amount of adjustment needed 
between the two branches. Again as in the first embodiment, the calculated delay 
adjustment value is then sent to the delay alignment buffer for the branch having the 



[00022] A third embodiment of the invention also uses the test user equipment unit to 
determine diversity branch delay difference, and for the further purpose of estimating 
an angle of arrival for the signal received from other user equipment units. Having 
statistical metrics on the angle of arrival distribution for user equipment unit traffic 
20 generally can help a service provider optimize cell planning and achieve more efficient 
utilization of the radio frequency resources. 

[00023] In essence, according to the third embodiment the delay skew between two 
diversity branches of incoming signals from the user equipment unit (UE) in the field 
are measured by rake receivers in the receiver board, and compared with those 

25 transmitted by a test user equipment unit (UE). As in the second embodiment, the test 
user equipment unit (UE) is positioned essentially equidistantly relative (preferably in 
front of) to the receive antennas, and the delay difference measured by the rake receiver 
permits measurement of a signal delay (delay H w) attributable to the hardware in the 
respective hardware branches of the sector signal processing section. The sector also 

30 receives radio link signals from non-test (actual traffic) user equipment units, with the 
rake receiver also measuring the delay difference for the diversity branches of the 
processed radio link signal from the non-test user equipment units. The measured delay 
difference for the diversity branches of the processed radio link signal from the non-test 




shortest delay prior to the adjustment. 
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user equipment units is considered as a total delay (delay TO TAL)- By subtracting the 
hardware signal delay component (delaynw) discerned from the test user equipment unit 
(UE) from the total delay (delay TO TAL) discerned with respect to the non-test user 
equipment units, a delay component attributable to the angle of arrival (delay A oA) is 
5 determined. From the delay component attributable to the angle of arrival (delay A oA> ? 
the angle of arrival itself (AO A) is determined. The third embodiment allows the 
service provider to obtain an estimate over the distribution angle of arrival of the 
incoming signals to the radio base station's receive antennas. 

[00024] The fourth embodiment involves measuring downlink delay difference a sector 
jz 10 having plural diversity transmit antennas. Like the second and third embodiments, the 
p fourth embodiment utilizes a test user equipment unit. In similar fashion to the sector 
^ receive signal processing section, the sector transmit signal processing section 
O processes two branches of a downlink radio link signal to be transmitted respectively by 
JJ; the two diversity antennas. Each branch of hardware has a delay adjustment means 
a_ 15 (such as delay adjustment buffer) and various signal processing hardware. In addition, 
J~[ the sector transmit signal processing section includes a closed loop downlink diversity 
N 5 branch delay alignment routine or unit which is used to determine a delay alignment 
q adjustment which can be sent to the delay adjustment means for compensating any 
FU delay difference in the transmit signal processing hardware of the two branches. Upon 
20 starting , the closed loop downlink diversity branch delay alignment routine sends a 
start signal to the test user equipment unit (UE). Upon receiving the start signal from 
the closed loop downlink diversity branch delay alignment routine, the rake receiver of 
the test user equipment unit (UE) measures the delay difference on the PDP pairs from 
two diversity branches on each branch of the downlink radio signal in a specified 
25 measurement period. The test user equipment unit (UE) sends a report of the delay 
difference value to the closed loop downlink diversity branch delay alignment routine, 
which in turn calculates a delay adjustment value for the sector downlink signal 
processing section. The calculated delay adjustment value is then applied to an 
appropriate one of the delay adjustment means. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[00025] The foregoing and other objects, features, and advantages of the invention will 
be apparent from the following more particular description of preferred embodiments as 



illustrated in the accompanying drawings in which reference characters refer to the 
same parts throughout the various views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles of the invention. 

[00026] Fig. 1 is diagrammatic view of example mobile communications system in 
which embodiments of the present invention may be advantageously employed. 

[00027] Fig. 2 is a diagrammatic view of a multi-sector base station site having 
diversity antennas and a sector signal processing section for each sector. 

[00028] Fig. 3 is a schematic view of diversity antennas and a sector signal processing 
section for an example sector. 

[00029] Fig. 4 is a diagrammatic view of various functionalities included in a receiver 
board. 

[00030] Fig. 5 is a diagrammatic view showing an example implementation of a base 
station site in which an array of receiver boards serves plural sectors. 

[00031] Fig. 6 is a schematic view of sector signal processing section for an example 
sector for illustrating basic aspects of a first embodiment of the invention. 

[00032] Fig. 7A is a flowchart showing basic steps and events performed in example 
implementations of an uplink analog delay alignment procedure for a board processor 
and an uplink analog delay alignment procedure for a rake receiver block. 

[00033] Fig. 7B is a flowchart showing basic steps and events performed in example 
implementations of an uplink analog delay alignment procedure for a main processor of 
a base station site. 

[00034] Fig. 8 is a diagrammatic view of an example format of a database stored in a 
local memory of a receiver board. 

[00035] Fig. 9 is a diagrammatic view of an example format of a database stored in a 
main processor of a base station site. 
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[00036] Fig. 10 is a schematic view of sector signal processing section for an example 
sector for illustrating basic aspects of a second embodiment of the invention. 

[00037] Fig. 1 1 is a diagrammatic view showing certain geometric relationships and 
distances used to calculate an angle of arrival for a sector having two diversity 
5 antennas. 

[00038] Fig. 12 is a schematic view of sector signal processing section for an example 
sector for illustrating basic aspects of a third embodiment of the invention wherein 
angle of arrival is determined for user equipment units in the field of the sector. 

p. [00039] Fig. 13 is a flowchart showing certain basic steps and events performed in the 
+: 10 third embodiment. 

% [00040] Fig. 14 is a diagrammatic view of an example format of a database maintained 
s in conjunction with the third embodiment. 

U [00041] Fig. 15 is a schematic view of portions of a test user equipment unit and a 
"Jj sector signal processing section for an example sector for illustrating basic aspects of a 
nj 15 forth embodiment of the invention wherein a downlink diversity branch delay 
alignment routine is performed. 

[00042] Fig. 16 is a flowchart showing certain basic steps and events performed in the 
fourth embodiment. 



DETAILED DESCRIPTION OF THE DRAWINGS 

20 [00043] In the following description, for purposes of explanation and not limitation, 
specific details are set forth such as particular architectures, interfaces, techniques, etc. 
in order to provide a thorough understanding of the present invention. However, it will 
be apparent to those skilled in the art that the present invention may be practiced in 
other embodiments that depart from these specific details. In other instances, detailed 

25 descriptions of well-known devices, circuits, and methods are omitted so as not to 
obscure the description of the present invention with unnecessary detail. Moreover, 
individual function blocks are shown in some of the figures. Those skilled in the art 
will appreciate that the functions may be implemented using individual hardware 
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circuits, using software functioning in conjunction with a suitably programmed digital 
microprocessor or general purpose computer, using an application specific integrated 
circuit (ASIC), and/or using one or more digital signal processors (DSPs). 

[00044] Fig. 1 shows a non-limiting, example context of a universal mobile 
5 telecommunications (UMTS) 10. A representative, connection-oriented, external core 
network, shown as a cloud 12 may be for example the Public Switched Telephone 
Network (PSTN) and/or the Integrated Services Digital Network (ISDN). A 
representative, connectionless external core network shown as a cloud 14, may be for 
example the Internet. Both core networks are coupled to their corresponding service 
jpj io nodes 16. The PSTN/ISDN connection-oriented network 12 is connected to a 
O connection-oriented service node shown as a Mobile Switching Center (MSC) node 18 
m that provides circuit-switched services. The Internet connectionless-oriented 
P network 14 is connected to a General Packet Radio Service (GPRS) node 20 tailored to 

n j 

JE provide packet-switched type services which is sometimes referred to as the serving 
L 15 GPRS service node (SGSN). 

L-i 

2 j_ 

ft [00045] Each of the core network service nodes 18 and 20 connects to a UMTS 
p Terrestrial Radio Access Network (UTRAN) 24 over a radio access network (RAN) 
ry interface referred to as the Iu interface. UTRAN 24 includes one or more radio network 
controllers (RNCs) 26. For sake of simplicity, the UTRAN 24 of Fig. 1 is shown with 
20 only two RNC nodes, particularly RNC 26! and RNC 26 2 . Each RNC 26 is connected 
to a plurality of base stations (BS) 28. For example, and again for sake of simplicity, 
two base station nodes are shown connected to each RNC 26. In this regard, RNC 26i 
serves base station 28 M and base station 28i_ 2 , while RNC 26 2 serves base station 28 2 -i 
and base station 28 2 -2- It will be appreciated that a different number of base stations can 
25 be served by each RNC, and that RNCs need not serve the same number of base 

stations. Moreover, Fig. 1 shows that an RNC can be connected over an Iur interface to 
one or more other RNCs in the URAN 24. Further, those skilled in the art will also 
appreciate that a base station is sometimes also referred to in the art as a radio base 
station, a node B, or B-node. 

30 [00046] In the illustrated embodiments, for sake of simplicity each base station 28 is 
shown as serving one cell. Each cell is represented by a circle which surrounds the 
respective base station. It will be appreciated by those skilled in the art, however, that a 
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base station may serve for communicating across the air interface for more than one 
cell. For example, two cells may utilize resources situated at the same base station site. 

[00047] A user equipment unit (UE), such as user equipment unit (UE) 30 shown in 
Fig. 1, communicates with one or more cells or one or more base stations (BS) 28 over 
5 a radio or air interface 32. Each of the radio interface 32, the Iu interface, the Iub 
interface, and the Iur interface are shown by dash-dotted lines in Fig. 1 . 

[00048] Preferably, but not necessarily, radio access is based upon Wideband, Code 
Division Multiple Access (WCDMA) with individual radio channels allocated using 
CDMA spreading codes. Of course, other access methods may be employed. 
10 WCDMA provides wide bandwidth for multimedia services and other high 

transmission rate demands as well as robust features like diversity handoff and RAKE 
receivers to ensure high quality. 

[00049] In accordance with the present invention and as rudimentarily illustrated in 
Fig. 2, a cell C served by a base station (generically referenced as radio base station 28) 

15 included in the radio access network 24 of telecommunications system 100 has one or 
more sectors, with at least one of the sectors being served with two (or more) diversity 
antennas. For sake of simplicity, Fig. 2 shows cell C as comprising six sectors, labeled 
as SECTOR 1 through SECTOR 6. Cell C may have a greater or lesser number of 
sectors. For each sector, the radio base station 28 includes a sector signal processing 

20 section 40, which connects to the two diversity receive antennas 44 A and 44B for the 
sector. For example, SECTOR 1 has sector signal processing section 40i which is 
connected to antennas 44 A! and 44B L 

[00050] It will be appreciated that Fig. 2 (and various other figures) is not to scale, as 
the cell C and its comprising sectors is much larger relative to the footprint of radio 

25 base station 28 than as shown. Moreover, neither the number of sectors nor the 

configuration (e.g., geographical extent or pattern) of the sectors is a limiting aspect of 
the present invention. For example, the sectors may be more geographically 
overlapping than as shown in Fig. 2. Nor need the shape of cell C be circular (as shown 
only for convenience and according to custom). The illustrative example of Fig. 2 and 

30 other figures rather depicts fundamental principles of the invention which are 
applicable broadly to various configurations of radio base stations. 
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[00051] Each sector can have one or more radio frequency carriers. As used herein, the 
notation "cell/carrier" denotes a particular combination of cell and radio frequency 
carrier for that cell. 

[00052] Fig. 3 shows in more detail a representative or example sector signal 
5 processing section 40 of one example sector of radio base station 28 (for which reason 
subscripts are not employed in Fig. 3) which handles a cell/carrier of the sector. The 
sector signal processing section 40 includes a sector signal processing front end 46, 
framed by a broken line in Fig. 3. The sector signal processing front end 46 handles 
two branches of a radio link signal of the cell/carrier, and accordingly has two branches 
L t 10 of hardware. In particular, sector signal processing front end 46 has a first branch 47 A 
O of signal processing hardware ("Branch A") which handles a first branch of the radio 
% link signal which is obtained from antenna 44 A and a second branch 47B of signal 
U] processing hardware ("Branch B") which handles a second branch of the radio link 
Fu signal which is obtained from antenna 44B. 

SSS3 

q 15 [00053] Each branch 47 of signal processing hardware includes a tower mounted 

amplifier (TMA) 49 which is connected by a feeder 50 to its respective antenna 44. 
jji The tower mounted amplifier (TMA) 49 is connected to an input of an antenna interface 
5 unit (AI) 51, which operates in conjunction with a multi-carrier power amplifier 

(MCPA) 52. An output of the antenna interface unit (AI) 5 1 is connected to an input of 
20 a transceiver (TRX) 53, whose output is connected to an input of a radio frequency 
interface board (RFIF) 54. An output of the RFIF 54 is connected to a baseband 
interface board (BBIF) 56, which in turn is connected by line 57 to a receiver board 
(RAX) 60. A timing unit 58 is connected to the BBIF 56. 

[00054] Each branch 47 of hardware included in sector signal processing front end 46 
25 has a delay adjustment means (such as delay adjustment buffer 55) included in its 

transceiver (TRX) 53. For example, branch 47 A of sector signal processing front end 
46 includes delay adjustment buffer 55A situated in transceiver (TRX) 53A. 
Embodiments of the invention utilize the delay adjustment means for the purpose of 
compensating for a delay difference exists between the two processed branches of the 
30 radio link signal. 



14 

[00055] The two branches 47A, 47B of signal processing hardware respectively process 
the two branches of the radio link signal to yield two respective processed branches of 
the radio link signal, which are output from BBIF 56A and BBIF 56B as signals on 
lines 57 A and 57B, respectively. 

5 [00056] Apart from sector signal processing front end 46, the sector signal processing 
section 40 also includes the receiver board 60, also know as a RAX board or RAX. As 
illustrated in Fig. 4, the receiver board 60 includes one or more rake receivers 62 and 
(at least in one implementation) a board processor 64. Up to as many as eight rake 
fingers can be utilized per radio link. 

10 [00057] Sector signal processing section 40 includes a main processor 70. One 

function performed by main processor 70 which is germane to an embodiment of the 
present invention is delay alignment, as depicted by delay alignment function or unit 
72. The main processor 70 and the board processor 64 communicate with one another 
as depicted by processor communication line 74. 

15 [00058] As previously indicated, a sector can have one or more cell/carriers. For 
purposes of facilitating understanding of the present invention, it is sufficient to 
describe an example sector having just one cell/carrier. For such simple case, the sector 
signal processing structure of Fig. 3 can be taken as pertaining to one cell/carrier. The 
person skilled in the art will understand that signal processing structure such as that 

20 illustrated in Fig. 3 can be replicated for other cell/carriers for a sector having plural 

cell/carriers. Alternatively, some of the components shown in Fig. 3 can be utilized for 
plural cell/carriers. 

[00059] The structure of each sector signal processing section 40 can literally be as 
described above with respect to Fig. 2, e.g., comprising a dedicated sector signal 

25 processing front end 46, one or more dedicated receiver boards 60, and a dedicated 
main processor 70. In contrast, one implementation variation is to have various non- 
front end elements of a sector signal processing section 40 shared or pooled for access 
among several (perhaps even all) cell/carriers of a radio base station, even for access for 
cell/carriers of differing sectors of the radio base station. For example, as one aspect of 

30 this example implementation, Fig. 5 shows an example radio base station 28 having a 
pool or matrix of receiver boards (RAXs) 80. As shown in Fig. 5, receiver board pool 
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80 comprises receiver boards 60 a through 60 k . At least some, and perhaps all, of the 
receiver boards 60 in receiver board pool 80 are available to serve, at differing times, 
differing cell/carriers of radio base station 28, including cell/carriers of differing sectors 
of the radio base station. For example, receiver board 60 a may at one moment in time 
5 be allocated to serve a cell/carrier of SECTOR 1, and subsequently allocated to serve a 
cell/carrier of SECTOR 4. Therefore, there is not necessarily any direct permanent 
correspondence between any receiver board 60 and any sector or cell/carrier. 

[00060] As another and separable aspect of this example implementation of Fig. 5, the 
example radio base station 28 has a main processor 70 which serves plural sectors (e.g., 
10 preferably all sectors), and thus plural cell/carriers. The main processor 70 of Fig. 5 
includes a delay alignment function or unit 72 which accordingly serves the plural 
cell/carriers of the plural sectors. In the Fig. 5 implementation, the processor 
communication line 74 comprises a bus or the like which connects main processor 70 
with the board processors 64 provided on the respective receiver boards 60 in receiver 
jp 15 board pool 80. 

2 [00061] In the Fig. 5 implementation, receiver board pool 80 and (optionally) main 
rt processor 70 are shown as serving plural cell/carriers, and preferably cell/carriers of all 
p sectors of cell C. To this end, Fig. 5 shows that each sector retains its own dedicated 
1 y sector signal processing front end 46, with the lines 57 emanating therefrom connecting 
20 to receiver board pool 80. Although in the illustrated example embodiment all receiver 
boards 60 are connected to handle all cell/carriers, main processor 70 instructs each 
receiver board 60 individually as to which cell/carrier the receiver board is to listen and 
utilize. It will be appreciated that, in other embodiments, there could be other ways of 
applying a cell/carrier to a particular receiver board 60, e.g., a selective routing of 
25 cell/carrier to a particular receiver board 60. 

[00062] In essence, in the Fig. 5 implementation, the sector signal processing front ends 
46 are dedicated for each sector, while the remainder of the sector signal processing 
section 40 for each sector is shared or pooled (using, e.g., one or both of receiver board 
pool 80 and main processor 70). As indicated above, the receiver board 60 can be 
30 dedicated to a sector signal processing section 40 in the manner suggested (but not 
required) by Fig. 3, or situated in receiver board pool 80 as shown in the 
implementation of Fig. 5. 
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[00063] Fig. 6 shows basic aspects of a first example embodiment. In the first 
embodiment, for a specified cell/carrier a rake receiver 62 allocated to the cell/carrier 
measures the delay difference between the two processed branches of the radio link 
signal, e.g., between the signals on lines 57A, 57B. Such measurement of delay 
5 difference is depicted as event 6-1 in Fig. 6. The delay difference is utilized (e.g., by a 
processor) to determine a delay alignment adjustment value. In the embodiment of Fig. 
6, event 6-2 shows the measured delay difference (or a value derived therefrom, such as 
an average or weighted average delay difference) being transmitted to main processor 
70. Event 6-3 shows main processor 70, and particularly delay alignment unit 72, using 
10 the delay difference to calculate a delay alignment adjustment. As event 6-4, the delay 
alignment adjustment value is applied to one of the two branches of signal processing 
p hardware, for example to one of the delay alignment buffers 55A, 55B included in one 
O of the branches 47 A, 47B of signal processing hardware. In the particular situation 
iji shown in Fig. 6, the delay alignment adjustment value happens to be applied to branch 
° 15 47B since it is the branch which (prior to the adjustment application) had the shortest 
JS delay, and particularly to delay adjustment buffer 55B. 

|S [00064] How the delay adjustment value transmitted, e.g., as event 6-4, affects a delay 

fZ alignment buffer 55 depends on particular configuration and implementation of the 

O buffer. For example, delay alignment buffer 55 can be a variable delay buffer which 
iy 20 receives a control signal, the content or value of the control signal controlling the 
duration of the delay caused by the buffer. As an example, if the control signal is 
utilized to write a value of "100" to the variable delay buffer 55, the buffer 55 will 
generate 100 units of delay. Each unit is Tchip/16, which is almost 16.25 nanoseconds. 
The delay is generated by propagating the signal through the cells of the buffer, with 
25 each propagation step being one unit. 

[00065] One example mode of the first embodiment, e.g., the general embodiment of 
Fig. 6, can be carried out in the context of the radio base station implementation of Fig. 
5. In this mode, plural rake receivers 62 (which can, for example, comprise the receiver 
board pool 80 with each receiver board 60 having a rake receiver 62) are configured so 
30 that at least some of the plural rake receivers can be utilized by plural cell/carriers of 
the radio base station. As in the case of Fig. 6, for a cell/carrier to which it is allocated 
(e.g., temporarily allocated), at specified intervals a given rake receiver measures the 
delay difference value between the two processed branches of the radio link signal for 
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the allocated cell/carrier. In this example mode, for one or more cell/carriers the delay 
difference is measured with respect to the branches of radio link signals for plural calls 
(e.g., plural connections), preferably involving plural user equipment units. 

[00066] A processor associated with the given rake receiver (such as board processor 
5 64) computes an average of plural delay difference values measured for a specified 
cell/carrier. A local memory provided for each of the plural rake receivers 62, e.g., 
board processor 64 or a memory controlled by board processor 64, stores the calculated 
average of plural delay difference values measured for the allocated cell/carrier. Then, 
corresponding to event 6-2 in Fig. 6, a processor (such as main processor 70) 
Q io periodically accesses the local memory to obtain the average of the plural delay 
ji difference values for each of the plural rake receivers for the specified cell/carrier. 
Lff Further, corresponding to event 6-3, the processor (e.g., delay alignment unit 72) uses 
SI the average delay difference value from each rake receiver having a measurement for a 
=P specified cell/carrier to calculate the delay alignment adjustment value for the specified 
p 15 cell/carrier. The delay alignment adjustment value is then communicated to the 
appropriate hardware in the manner generally described as event 6-4 in Fig. 6. 

D [00067] To implement the example mode summarized above, certain basic actions or 

ry 

steps must be performed by each of rake receiver 62, board processor 64, and main 
processor 70. Pertinent ones of such basic actions or steps are illustrated in example 

20 form for board processor 64 and rake receiver 62 in Fig. 7A, and for main processor 70 
in Fig. 7B. As used herein, "rake receiver 62" includes an uplink base band processing 
(UBP) rake receiver block. The UBP rake receiver block, herein generally referred to 
as rake receiver 62, is a set of rake fingers which are assigned by a demodulator to 
different phase shifts in time (delays) or power delay profiles ("PDPs"). Each PDP 

25 represents the delay/phase shift in time for each rake finger. There is one PDP for each 
branch and each connection/link at a given time. 

[00068] In showing general steps pertinent to the present invention for the uplink 
analog delay alignment procedure performed by board processor 64, Fig. 7A shows 
board processor 64 receiving as action 7A-1 a request to start measurements and certain 
30 related parameters which are necessary for performing the measurements. Included 

among the received parameters are the Nr_Of_Samples_Per_Call_Threshold parameter 
and the Nr_Of_Samples_Per_Call_Ceiling parameter. The parameter 



0 
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Nr_Of_Samples_Per_CalLThreshold defines the minimum Nr_Of_Samples of 
measurement that a call needs in order to quality the call to qualify for being reported 
from the rake receiver block to the board processor 64 (otherwise the measurement is 
discarded). The parameter Nr_Of_Samples_Per_Call_Ceiling defines the maximum 
5 Nr_Of_JSamples of measurement before the call will get reported from the rake receiver 
block to the board processor 64. As explained subsequently, a report for a call with a 
larger number of samples than Nr_Of_Samples__Per_CalLCeiling is broken or 
segmented into plural reports, each having a number of samples no more than 
Nr_Of_Samples_Per_Call_Ceiling. 



mu 10 [00069] As action 7 A-2, the board processor 64 commissions the rake receiver block to 
2 make measurements on the power delay profiles (PDPs) obtained for the two branches 
]E of a radio link. After so commissioning the rake receiver block, in its uplink analog 
y delay alignment procedure the board processor 64 waits until receipt of a report from 

m the rake receiver block, such receipt being shown as action 7A-3. 

JE 

Q 15 [00070] Before describing how the uplink analog delay alignment procedure as 

performed by board processor 64 uses the report obtained from the rake receiver block, 
Lq the uplink analog delay alignment procedure as performed by the rake receiver block is 
SI next described with reference to Fig. 7A. Although not shown in Fig. 7A, various 

e y 

parameters are initialized upon the commissioning of execution of the uplink analog 
20 delay alignment procedure by the block, such as the parameter Nr_Of_Samples, for 
example. Moreover, it will be understood that, in conjunction with the commissioning 
of action 7A-2, various parameters were passed to the rake receiver block. Among 
these passed parameters are the radio link ID and cell/carrier ID which respectively 
specify the radio link (e.g., connection) and cell/carrier (e.g., antenna pair) involved in 
25 the commissioned measurements. 

[00071] As action 7A-4, the rake receiver block takes a sample of the delay/phase shift 
(e.g., PDP) for each branch of the connection (e.g., for each branch of the radio link 
signal). After taking the sample of action 7A-3, the counter Nr_Of_Samples is 
incremented at action 7A-5. The delay measurement sample taken at action 7A-4 is 
30 added to a running total of delay for the call and cell/carrier, and using such cumulative 
total and the Nr_Of_Samples parameter, at action 7A-6 an average delay sample value 
is computed by the rake receiver block. 
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[00072] A determination is then made at action 7A-7 whether a release of the currently 
sampled radio link (e.g., connection) has occurred. If a release of the radio link has not 
occurred, at an appropriate interval the uplink analog delay alignment procedure 
performed by the block returns to action 7A-4 for taking another sample. If a release of 
5 the radio link has occurred, post-release processing is performed beginning with action 
7A-8. 

[00073] At action 7A-8 the uplink analog delay alignment procedure executed by the 
rake receiver block determines whether the Nr_Of_Samples is less than the 
Nr_Of_Samples_Per_Call_Threshold. If the determination at action 7A-8 is negative, 
H* 10 as action 7A-9 the measurements for the call are discarded. If the determination at 
q action 7 A- 8 is positive, the uplink analog delay alignment procedure performed by the 
rake receiver block determines whether the results for the call can be reported in a 

: ifi 

q single report, or whether the Nr_Of_Samples for the call is so great as to require that 
™ the call be considered as plural calls, for which a separate report will be generated for 
a" 15 each of the so-considered plural calls. 

jU [00074] As action 7 A- 10, the rake receiver block ascertains .whether the 

Nr_Of_Samples exceeds the Nr_Of_Samples_Per_Call_Ceiling parameter. If the 

fjj determination at action 7 A- 10 is negative, then (as reflected by action 7A-1 1) the call 
will be treated as a single call (e.g, the Nr_Of_Calls parameter is set equal to one). On 
20 the other hand, if the determination at action 7 A- 10 is positive, for reporting purposes at 
action 7A-12 the call will be segmented into plural calls (e.g., effectively treated as 
plural connections). The action 7A-12 shows that a parameter Nr_Of_Calls is 
calculated. The Nr_Of_Calls parameter is the total number of calls on which a delay 
difference in each sector and receiver board 60 has been measured. After the 
25 determination of action 7A-12, as shown by action 7A-13 a report regarding the uplink 
analog delay alignment procedure for the rake receiver block is prepared and 
transmitted to main processor 70. The report of action 7A-13 includes, e.g., the 
Nr_Of_Samples, the average delay sample value, and Nr_Of_Calls. 

[00075] As an example of execution of action 7A-12, consider a call which has a 
30 number of samples (Nr_Of_JSamples) which is more than the 

Nr_Of_Samples_Per_Call_Ceiling parameter, for example, a number of samples which 
is 1.7 times the Nr_Of_Samples_Per_Call_Ceiling parameter. In accordance with the 
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logic of the uplink analog delay alignment procedure for the rake receiver block as 
above described, the call will be regarded (e.g., at action 7A-12) as two calls: a first 
call having a number of samples equal to the Nr_Of_Samples_Per_Call_Ceiling 
parameter, and a second call having a number of samples equal to 0.7 times the 
5 Nr_Of_Samples_Per_Call_Ceiling parameter. 

[00076] After receiving at action 7A-3 the report from the rake receiver block, as action 
7A-14 the uplink analog delay alignment procedure performed by board processor 64 
uses the report to calculate a running weighted average of delay values. The calculation 
of action 7A-14 is based on a previous running weighted average of delay values, plus 
10 the average delay sample value, the Nr_Of_Samples weight, and the Nr_Of_Calls 
parameter included in the report of action 7A-13. The values are only calculated per 
calculation instance based on the reports from all RAX boards at that specific time. 

[00077] As action 7A-15, the uplink analog delay alignment procedure performed by 
board processor 64 updates its cumulative count of the Nr_Of_Calls. Then, as action 
7A-16, the board processor 64 updates a database or matrix which it maintains. 

[00078] An example format for the database or matrix maintained by board processor 
64 is illustrated in Fig. 8. For each cell/carrier, the database includes the following 
pertinent fields: an average delay value; Nr_Of_Samples, and Nr_Of_Calls. The 
example database of Fig. 8 shows storage of information for j number of cell/carriers 
handled by the corresponding receiver board (RAX) 60. 

[00079] Fig. 7B shows general steps and actions performed by the uplink analog delay 
alignment procedure executed by main processor 70, and particularly by delay 
alignment unit 72. The action 7B-1 of Fig. 7B depicts the start of the uplink analog 
delay alignment procedure executed by (or primarily by) delay alignment unit 72. 
25 Upon starting, the uplink analog delay alignment procedure reads the delay data matrix 
maintained by each receiver board 60 (more particularly, maintained by each board 
processor 64). An example of such delay data matrix has been previously described 
with reference to Fig. 8, for example. For each cell/carrier and each RAX (e.g., 
receiver board 60), at action 7B-2 the delay alignment unit 72 obtains the average delay 
30 value; the Nr_Of_Samples, and the Nr_Of_Calls. Upon receiving such data from all 
receiver boards 60 included in the receiver board pool 80, as action 7B-3 the delay 
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alignment unit 72 constructs or forms its own delay data matrix. An example format 
for such delay data matrix formed by delay alignment unit 72 is illustrated in Fig. 9. 

[00080] The matrix of Fig. 9 is a three dimensional matrix. In the matrix of Fig. 9, a 
first dimension shown as the vertical dimension is associated with cell/carriers. For 
5 example, the first horizontal row at the top of the matrix is associated with a first 
cell/carrier, the second horizontal row therebeneath is associated with a second 
cell/carrier, and so on. The database of Fig. 9 shows storage of information for x 
number of cell/carriers. A second dimension shown as the horizontal dimension in Fig. 
9 is associated with RAXes (e.g., receiver boards 60). For example, a first slice along 
M 10 the depth of the matrix contains data collected from a first receiver board 60 a , a second 
~ slice (to the right of the first slice moving to the right in Fig. 9) contains data collected 

HF from a second receiver board 60 b , and so forth. Each slice essentially resembles the 
Si matrix of Fig. 8 as maintained by the respective receiver board 60. The data of the 
TU matrix resides in the depth dimension of the matrix. The data items include those of the 

15 matrix of Fig. 8, e.g., the average delay value , the Nr_Of_Samples, and the 
□ Nr_Of_Calls. 

In [00081] Many of the remaining actions of the uplink analog delay alignment procedure 
.fT§ as described in Fig. 7B are performed based on the data stored in the matrix maintained 

by delay alignment unit 72 (an example of which appears in Fig. 9). As described 
20 hereinbelow, the data is accessed in terms of cell/carriers and RAX boards (e.g., 

receiver boards 60). 

[00082] As action 7B-4, the uplink analog delay alignment procedure determines the 
frequency of measurements to be made (and thus the frequency with which alignment 
values are to be applied to the sector signal processing section 40). Such frequency is 
25 determined by consulting a parameter BRANCH_DIFF__Timer. The 

BRANCH_DIFF_Timer is set or otherwise input by a service provider and defines the 
frequency with which the measurements are read by delay alignment unit 72 from the 
receiver board 60. As part of action 7B-4, the delay alignment unit 72 initializes its 
internal timer TBranch diff Timer to the value of BRANCH_DIFF_Timer. 



30 [00083] The actions 7B-6 to and including action 7B-15 form a loop, with certain 
actions of the loop, as appropriate, being performed for each cell/carrier of the radio 
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base station. In other words, each execution of the loop of actions 7B-6 to and 
including action 7B-15 is associated with a particular cell/carrier of the radio base 
station. The loop begins with action 7B-6, and is followed by certain initialization steps 
performed as action 7B-7. Among the initialization steps performed as action 7B-7 are 
5 those of initializing the parameters TotalJDelay and Total_Nr_Of_Samples at zero. 
The Nr_Of_Samples is the total number of measured delay difference samples for each 
sector and RAX. The Total_Delay is the sum of all delay differences for one 
cell/carrier during one report period. 

[00084] After the initialization of action 7B-7, the uplink analog delay alignment 
a 10 procedure performed by delay alignment unit 72 executes a nested loop comprising 
O action 7B-8 through and including action 7B-12. Each execution of the loop 

jt comprising action 7B-8 through and including action 7B-12 pertains to a particular one 

in of the receiver boards (RAXs) 60. Being nested in the cell/carrier loop (extending from 

Jjj action 7B-6 to action 7B-15), the steps of the nested loop are thus performed relative 

=P 15 both to cell/carrier and RAX. 

M= [00085] As action 7B-9, a determination is made whether the Nr_Of_Samples exceeds 

5 the Nr_Of_Samples_Threshold. The Nr_Of_Samples_Threshold is a parameter which 
O defines the minimum number of samples (e.g., the minimum value for Nr_Of_Samples) 
required from each cell/carrier in each RAX board in order for the measurement from 
20 that certain cell/carrier and that RAX to be included in the measurement reports. If the 
determination at action 7B-9 is positive, action 7B-10 and action 7B-1 1 are performed 
before reaching action 7B-12. At action 7B-10, the value for Total_Delay is updated, 
while at action 7B-12 the value of the parameter Nr_Of_Samples is updated. The 
nested loop comprising action 7B-8 through and including action 7B-12 is performed 
25 for each RAX board (e.g., for each receiver board 60 in receiver board pool 80, or at 
least for those appropriate). At action 7B-12 the uplink analog delay alignment 
procedure checks whether all such RAX boards have been taken into consideration, and 
(if not) repeats the nested loop for the next RAX board by returning to action 7B-8. 
When all RAX boards have been processed for a sector, processing continues with 
30 action 7B- 13. ■ 

[00086] The following logic exemplifies the calculations performed by action 7B-10 
and action 7B- 11: 
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[00087] For RAX_Nr = 1 to Max_RAX_Nr 

If (A[cell/carrierJD,RAX_Nr].Nr-Of-Samples > Nr_Of„Samples_Threshold 
and A[ceiycarrier_ID,RAX_Nr].Nr_Of_Calls>Nr^Of_Calls_Threshold), 

then 

5 Total_Delay = Total_Delay + A[cell/carrier_ID,RAX_Nr]. Delay * 

A[cell/carrier_ID,RAX_Nr].Nr_Of_Samples 

Total_Nr_Of_Samples = Total_Nr_Of_Samples + 
A[cell/carrier,RAX_Nr].Nr_Of_Samples 

Endif 

[00088] In the foregoing, parameters not yet described have the following meanings: 
RAX_Nr identifies a particular RAX board (e.g., receiver board 60). MAX_RAX_Nr 
defines the number of RAX boards for which the nested loop is appropriate (e.g., likely 
k number of RAX boards, such being the number in the receiver board pool 80). 
Nr_Of_Calls_Threshold is a threshold which defines the minimum number of calls 
(Nr_Of_Calls) required for each report from each cell/carrier in each RAX board in 
order for the measurement from that certain cell/carrier within that certain RAX to be 
included in the measurement reports. 

[00089] The action 7B-13, performed after the nested loop has been performed for all 
RAX boards (e.g., receiver boards 60), involves loading the total delay accumulated for 
20 a cell/carrier (with data from all RAX boards now having been taken into 

consideration) into an array Total_Delay (cell/carrier). Similarly, as action 7B-14, the 
Nr_Of_Samples accumulated for the cell/carrier is stored in an array 
Nr_Of_Samples(cell/carrier). 

[00090] The action 7B-15 involves the delay alignment unit 72 checking whether the 
25 loop comprising action 7B-6 to and including action 7B-15 has been performed for all 
cell/carriers. If other cell/carriers remain for processing, another execution of the loop 
is performed (e.g., processing returns to action 7B-6). When all cell/carriers have been 
processed, execution resumes at action 7B-16. 
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[00091] The action 7B-16 actually beings another cell/carrier-based loop. Such second 
cell/carrier-based loop commences with action 7B-16 and continues through and 
including action 7B-21. After the loop is begun (action 7B-16), at action 7B-17 the 
delay alignment unit 72 calculates, for a cell/carrier which is a subject of the particular 
5 iteration of the loop, a delay difference between the two branches. In other words, for 
action 7B-17 the delay alignment unit 72 performs a calculation such as the following: 

[00092] T B ranch_diff(cel^ 

[00093] After calculating the delay difference between branches for a cell/carrier, as 
action 7B-18 a check is made whether the delay difference between branches for a 

10 sector (e.g., T Branch _ di ff (ce ii/carrier)) exceeds a threshold (T Br anch_diff_Threshoid)- The parameter 
T Br anch_diff_Threshoid is the smallest delay difference required for attempting to update the 
delay adjustment value in the delay adjustment buffer 55. If the determination at action 
7B-18 is positive, e.g., if the threshold (T Branch _ dif f_Threshoid) is exceeded, action 7B-19 and 
action 7B-20 are performed prior to performing action 7B-21. Otherwise, if the 

15 determination at action 7B-18 is negative, e.g., if the threshold (T Branch _ dif f ^Threshold) is not 
exceeded, action 7B- 21 is immediately performed. 

[00094] At action 7B-19 the delay adjustment value for the cell/carrier can be updated 
using a generalized calculation such as the following: 



[00096] A more accurate procedure for updating the delay adjustment value is reflected 
by the steps shown in Table 1 . 

[00097] At action 7B-20, the delay adjustment value, e.g., T TRX _RF_uL[Sector+0], is sent 
to the hardware. Reference is again made to event 6-4 in the example of Fig. 6, 
25 wherein the delay adjustment value is applied to one of the delay adjustment buffers 55 
in the sector signal processing section 40, e.g., the buffer 55 which, prior to the 
adjustment, had the shortest delay value. 
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[00095] T TRX _RF_UL[cell/carrier+0] = T TRX _R F _UL[cell/carrier+0] + 
T Bra nch_diff[cell/carrier+0] 



[00098] The action 7B-21 involves a check whether the loop comprising action 7B-16 
through and including action 7B-21 has been performed for all cell/carriers. If not, 
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execution returns to action 7B-16 for the next cell/carrier to be processed. Otherwise, 
when all cell/carriers have been processed, execution proceeds to action 7B- 22. 

[00099] At action 7B-22 the timer (T Br anch_diff-Timer) is consulted. This timer was 
initialized at action 7B-4, and indicates the frequency with which, e.g., adjustments are 
5 to be performed. If the timer has not yet timed out, the uplink analog delay alignment 
procedure waits as indicated at action 7B- 23 until timeout. When the timer (T Bra nch_diff- 
Timer) has timed out, the uplink analog delay alignment procedure is again executed by 
delay alignment unit 72. Such repeated execution is depicted in Fig. 7B by a return to 
Hj action 7B-1. 

~P 10 [000100] The delay adjustment means included in the sector signal processing front end 
^ 46 has been described in the aforementioned embodiments as taking an example form 
rU of a delay adjustment buffer. Other suitable implementations are also encompassed. 

p [000101] Fig. 3 shows certain examples of components included in a particular 

"ml implementation of the signal processing hardware of a sector signal processing front 

15 end. The present invention is not limited by the exact identity, nature, or arrangement 
rO of components included in the signal processing hardware of a sector signal processing 
front end 46. 

[000102] The first embodiment of the invention thus achieves a better precision in delay 
alignment. As noted above, the rake receiver in the RAX board 60 is employed to 

20 measure the delay difference between the two branches for each cell/carrier (e.g., the 
antenna pair) for each radio link. The invention provides enhanced accuracy, e.g., 
within a couple of nanoseconds. The measurements are executed frequently and could 
be executed essentially constantly. The timing of the measurements is configurable and 
can be configured, e.g., such that it would only to measure essentially constantly. The 

25 measurements are stored in a matrix by the receiver board 60 in the manner shown in 
Fig. 8. Thereafter, these board-based measurements are processed by main processor 
70, and more particularly by delay alignment unit 72, to obtain the delay adjustment 
values for each cell/carrier. The calculated delay adjustment values are sent to the 
delay adjustment buffer 55 for the appropriate branch. Accordingly, the residual delay 

30 difference after the alignment is equal to the following expression: Measurement 
accuracy + Adjustment step size + angle of arrival variance. 
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[000103] Whereas at least one example of the first embodiment envisions measuring the 
delay difference with respect to branches of radio link signals for plural calls (e.g., 
plural connections), preferably involving plural user equipment units, a second 
invention measures the delay difference with respect to two branches of a radio link 
5 signal emanating from a test user equipment unit. The test user equipment unit is 

situated at a close and substantially equal distance from the two diversity antennas with 
a fairly good accuracy, i.e., a couple of nanoseconds. In other words, the test user 
equipment unit is situated essentially equidistantly from the two diversity antennas. 

u [000104] Fig. 10 shows basic aspects of the second embodiment of the invention, 

O io including the test user equipment unit 30T which is situated essentially equidistantly 
j£ between the two diversity antennas 44A and 44B of a sector. For the specified 
y 1 cell/carrier involved in the test or calibration, the rake receiver 62 allocated to the 

jj z 

Fy cell/carrier measures the delay difference between the two processed branches of the 
radio link signal emanating from the test user equipment unit 30T, e.g., measures the 
Q 15 delay difference between the signals on lines 57 A, 57B. The remaining operations of 
f! the second embodiment are essentially similar to those of the first embodiment (Fig. 6), 
Ifl it being understood that a substantial difference is that the second embodiment makes 
Jf, the delay difference measurements only with respect to the test user equipment unit 30T 
(rather than with respect to plural user equipment units, as occurred in at least one mode 
20 of the first embodiment). Such measurement of delay difference for the second 

embodiment is depicted as event 10-1 in Fig. 10. The delay difference is utilized (e.g., 
by a processor) to determine a delay alignment adjustment value. Event 10-2 shows the 
measured delay difference (or a value derived therefrom, such as an average or 
weighted average delay difference) being transmitted to main processor 70. Event 10-3 
25 shows main processor 70, and particularly delay alignment unit 72, using the delay 
difference to calculate a delay alignment adjustment. As event 10-4, the delay 
alignment adjustment value is applied to the appropriate one of the two branches of 
signal processing hardware, for example to delay alignment buffers 55B included in 
branch 47B of the signal processing hardware. 

3d [000105] A third embodiment of the invention also uses the test user equipment unit 
30T to determine diversity branch delay difference, and for the further purpose of 
estimating an angle of arrival for the signal received from other user equipment units. 
Having statistical metrics on the angle of arrival distribution for user equipment unit 
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traffic generally can help a service provider optimize cell planning and achieve more 
efficient utilization of the radio frequency resources. Traditionally there has been no 
precise measurement on the distribution of the angle of arrival at the base station, and 
consequentially cell planning is based on a rough estimate made prior to putting up the 
5 radio base station and using inaccurate empirical criteria. 

[000106] The third embodiment allows the service provider to obtain an estimate over 
the distribution angle of arrival of the incoming signals to the radio base station's 
receive antennas. In essence, according to the third embodiment the delay skew 
f± between two diversity branches of incoming signals from the user equipment unit (UE) 
y 10 in the field are measured by rake receivers in the receiver board 60, and compared with 
=p those transmitted by a test user equipment unit (UE). As in the second embodiment, the 
test user equipment unit (UE) is positioned essentially equidistantly relative (preferably 
rU in front of) to the receive antennas, and the delay difference measured by the rake 

receiver permits measurement of a signal delay (delay H w) attributable to the hardware 
O 15 in the respective hardware branches of the sector signal processing section 40. The 
jL sector also receives radio link signals from non-test (actual traffic) user equipment 
2 units, with the rake receiver also measuring the delay difference for the diversity 
m branches of the processed radio link signal from the non-test user equipment units. The 
measured delay difference for the diversity branches of the processed radio link signal 
20 from the non-test user equipment units is considered as a total delay (delay TO TAL)- By 
subtracting the hardware signal delay component (delay H w) discerned from the test user 
equipment unit (UE) from the total delay (delay TOT AL) discerned with respect to the 
non-test user equipment units, a delay component attributable to the angle of arrival 
(delay AO A) is determined. From the delay component attributable to the angle of arrival 
25 (delay AO A)> the angle of arrival itself (AOA) is determined. 

[000107] Fig. 12 and the flowchart of Fig. 13 show certain basic aspects of the third 
embodiment of the invention. In one implementation of the invention, the actions 
reflected by Fig. 13 are implemented by the receiver board 60, with certain 
measurements hereinafter described performed by the rake receiver 62 and calculations 
30 performed by an angle of approach determination unit 64-12. In one alternative 

implementation of the invention, the angle of approach determination unit 64-12 can 
take the form of board processor 64, previously described. 
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[000108] Like in the second embodiment, in the third embodiment the test user 
equipment unit 30T is situated essentially equidistantly between the two diversity 
antennas 44A and 44B of a sector. But unlike the second embodiment, the third 
embodiment involves other user equipment units (UE) as well, particularly illustrated as 
5 non-test user equipment units 30-1 and 30-2 which are present in the same sector and 
which use the same cell/carrier as the test user equipment unit 30T. For sake of 
simplicity, only two non-test user equipment units (UE) 30 are shown in Fig. 12, it 
being understood that another number (e.g., likely a greater number) of user equipment 
units (UE) are served by the sector of interest at any given time. 

10 [000109] As in the second embodiment, in the third embodiment the rake receiver 62 

q allocated to the cell/carrier utilized by the test user equipment unit (UE) 30T measures 

Q the delay difference between the two processed branches of the radio link signal 

y-i emanating from the test user equipment unit 30T. Such measurement of delay 

W difference with respect to the test user equipment unit (UE) 30T for the third 

jp 15 embodiment is depicted as event 13-1 in Fig. 12 and Fig. 13. 

i i 

M= [0001 10] The third embodiment also involves measurement of the delay difference 

ft between the two processed branches of the radio link signals emanating from the non- 

Q test user equipment units (e.g., UE 30-1 and UE 30-2). The processing of the non-test 

!y user equipment units (UE) is depicted in the flowchart of Fig. 13 by a loop which 

20 commences with action 13-2 through and including action 13-9. 

[0001 1 1] The action 13-2 reflects handing of the first non-test user equipment unit (UE) 
(or, for subsequent executions of the non-test loop, a next non-test user equipment unit 
(UE) to be processed). As action 13-3, the rake receiver 62 measures the delay 
difference between the two processed branches of the non-test user equipment unit 
25 (UE) (e.g., one of UE 30-1 and 30-2 in Fig. 12) to obtain a total delay (delay TO TAL) for 
that particular non-test user equipment unit (UE). The measurement of action 13-3 is 
performed in virtually the same manner as that of action 13-1, it being understood 
however that the measurement of action 13-1 was for the test user equipment unit (UE) 
30T, while the measurement of action 13-3 is for the non-test user equipment unit (UE). 

30 [0001 12] Various other actions included in the non-test UE loop of Fig. 13 are 

understood with reference to the geometric depiction of Fig. 11. If the elevation angle 
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is neglected, the azimuthal angle of arrival O can be calculated using the two diversity 
antenna branches in accordance with Expression 1. In Expression 1, O is the azimuthal 
angle of arrival; d ant enna is the distance between the two diversity antennas, and d^ive is 
the projection of d anten na on the direction at which the signal approaches the antenna (see 
5 Fig. 11). 

Expression 1: <D = acos((d ante nnay(darrive)) 

[0001 13] The action 13-3 above described essentially involves the rake receiver 62 
determining the delay difference measurement between the two branches of a non-test 
user equipment unit (UE), which delay difference is a skew or delay TO TAL for the non- 
10 test UE. As understood from Expression 2, this skew or delay TO TAL includes two 
components: (1) a first component (delay A oA) which is contributed by the angle of 
arrival; (2) a second component (delay H w) which is contributed by the hardware delay 
difference between the two branches. 

[0001 14] Expression 2: delay TO TAL = delay A oA + delays 

15 [0001 15] The second component of the skew, i.e., the component contributed by the 

hardware delay difference between the two branches (delaynwX was calculated at action 
13-1 as the measurement on a link which is set up by the test user equipment unit (UE) 
30T (which, it will be recalled, is positioned substantially equidistantly in front of the 
two diversity antenna). Thus, in accordance with Expression 2, as action 13-4 the 

20 delaynw component (known from action 13-1) is subtracted from the total skew (i.e., 
delay T oTAL) measured for a non-test user equipment unit, to yield the delay difference 
due to the angle of arrival (delay A oA) for the non-test user equipment unit. 

[0001 16] Knowing the delay difference due to the angle of arrival (delay A0A ) after the 
calculation of action 13-4, as action 13-5 the parameter d^ve is calculated in 
25 accordance with Expression 3. In Expression 3, "C" is the speed of light. 

[0001 17] Expression 3: d^we = delay AOA * C 

[0001 18] At this point both d ante nna and d^ive are known. The parameter d ante nna is known 
from simple length measurement at the radio base station. The parameter d^ve is 
known from the result of the calculation of action 13-5. With both d anten na and d^ive 
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known, as action 13-6 these values are inserted in Expression 1, thereby enabling 
determination of the azimuthal angle of arrival O. 

[0001 19] As action 13-8, the the angle of approach determination unit 64-12 sorts the 
delay values due to angle of arrival (AO A) into one of several delay value ranges, and 
then increments a counter associated with the appropriate range. In so doing, a count of 
the number of occurrence for each delay value range is maintained. Such counts are 
stored as the number of occurrences in a matrix. Fig. 14 illustrates an example format 
of such a matrix for a multi-sector (Change to cell/carrier) radio base station in which a 
receiver board 60 serves the plural sectors ( Change to cell/carriers). In the matrix of 
Fig. 14, "D-10" represents the frequency (e.g., number) of samples where Branch B - 
Branch A equals -10 nanoseconds; "D+10" represents the frequency (e.g., number) of 
samples where Branch B - Branch A equals +10 nanoseconds; and so forth. 

[000120] As action 13-9, a check is made whether all non-test user equipment units 
(UE) in the sector using the specified cell/carrier that are to be processed have been 
processed (e.g., that the non-test UE loop has been executed for all non-test UEs). If 
the result of the check of action 13-9 is negative, execution returns to action 13-2 for 
processing of a next non-test UE. Otherwise, as action 13-10 the stored values obtained 
during this session are transmitted to a centralized data collection agent, e.g., main 
processor 70 in the illustrated implementation. For the illustrated implementation, the 
stored values can take the form of the very data matrix stored by the angle of approach 
determination unit 64-12, e.g., the form of Fig. 14, for example. 

[000121] The actions of Fig. 13 can be performed at a frequency as required by the 
service provider or network operator, e.g., at a pre-defined frequency. In accordance 
with one implementation, the centralized data collection agent, e.g., main processor 70, 
sums up the data received in each report from the receiver board 60. For example, main 
processor 70 can maintain a matrix much like that of Fig. 14 which stores cumulative 
values rather than session values. An interface such as graphical user interface 80 
connected to main processor 70 can be used to display or output the cumulative results 
in various forms. One example output or display form is that of a histogram which can 
be utilized for cell planning optimization. 
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[000122] Variations of the foregoing embodiments, including the third embodiment, are 
within the scope of the present invention. For example, as illustrated in Fig. 13, the 
processing of the non-test UE loop normally occurs after action 13-1. However, the 
logic could be alternatively configured so that the rake receiver measurements for the 
5 non-test user equipment units (UE) are made at substantially the same time as the 

measurements for the test user equipment unit (UE) 30T, it being understood however, 
that subsequent actions (e.g., actions 13-4 and following) require the measurement of 
action 13-1 for completion. 

[000123] The third embodiment thus allows a service provider to conduct 
measurements on each radio base station and obtain a fairly accurate estimate of the 
distribution of angle of arrival, and thereby obtain an estimate of the traffic 
geographical distribution. This analysis can then be used as input for optimization of 
cell planning. 

[000124] Whereas the embodiments previously described all pertain, at least to 
some degree, to measuring an uplink delay difference between branches of a sector 
having diversity antenna, the fourth embodiment involves measuring downlink delay 
difference for a cell/carrier for such a sector. One example mode of the fourth 
embodiment is illustrated in Fig. 15. For each sector, the radio base station 28 includes 
a sector transmit signal processing section 140, which pertains to a cell/carrier and 
which connects to the two diversity transmit antennas 144 A and 144B for the sector. 

[000125] In similar fashion to the sector receive signal processing section, the 
sector transmit signal processing section 140 processes two branches of a radio link 
signal to be transmitted, and accordingly has two branches 147A, 147B of signal 
processing hardware. The two branches 147A, 147B of signal processing hardware 
25 respectively process the two branches of the radio link signal received from on lines 
157A and 157B, respectively from a transmitter receiver board 160, also know as a TX 
board or TX. Each branch 147 of hardware has an associated delay adjustment means 
(such as delay adjustment buffer 155, shown as being located in the transit board 160, 
which is where the RF and BB signals get converted to one another. 

30 [000126] In addition, sector transmit signal processing section 140 includes or 

interconnects to a processor, which can be (for example), the main processor 70 of the 
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radio base station previously described. One function performed by such processor 
which is germane to an embodiment of the present invention is delay alignment, as 
depicted by closed loop downlink diversity branch delay alignment routine or unit 172. 
The main processor 70 and the board processor 164 communicate with one another as 
5 depicted by processor communication line 174. 

[000127] In like manner with the receiver board 60 of previous embodiments, the 
transmit board 160 can either be dedicated to a single sector, or comprise a pool of 
boards wherein the 160 can be dedicated to a single cell/carrier or to a single sector, or 
shared among plural cell/carriers and/or sectors served by the radio base station. 

[000128] Fig. 15 also shows that the user equipment unit (UE) 30T for the fourth 
embodiment includes a transceiver 260 and a processor 270. The processor 270 
includes a rake receiver 262, which functions in similar manner as the rake receiver 62 
previously described but with respect to diverse radio link signals received from 
differing diversity antenna 44 of the same cell/carrier of the same sector of the radio 
base station 28. In other words, the rake receiver 262 of the test user equipment unit 
(UE) 30T measures a delay difference between downlink radio signals of the 
cell/carrier received from antennas 44A and 44B (see, e.g., Fig. 10). 

[000129] Fig. 16 illustrates certain basic example steps and actions performed in 
accordance with the fourth embodiment. These basic steps are understood in the 
example context of Fig. 15. Upon starting (depicted by symbol 16-1), the closed loop 
downlink diversity branch delay alignment routine or unit 172 as action 16-2 sends a 
start signal to the test user equipment unit (UE) 30T. The start signal of action 16-2 is 
transmitted as a special signal using the transmit capabilities of the radio base station, in 
similar manner as any other signal sent from the radio base station 28 to a user 
equipment unit (UE). In this regard, the test user equipment unit (UE) 30T can be 
configured uniquely to recognize this special start signal. 

[000130] Upon receiving the start signal from the closed loop downlink diversity 
branch delay alignment routine or unit 172, the rake receiver 162 of the test user 
equipment unit (UE) 30T is authorized to make delay difference measurements on the 
30 PDP pairs from two diversity branches on each downlink radio link in the specified 
measurement period. Such measurements of the delay difference are performed as 
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action 16-3 in Fig. 16. In actuality, in one implementation, plural measurements are 
performed with respect to each branch at a predetermined frequency, and the plural 
measurements are averaged over the measurement period. Upon expiration of the 
measurement period, using its transceiver 260 the test user equipment unit (UE) 30T as 
5 action 16-4 sends a report of the delay difference value to the closed loop downlink 
diversity branch delay alignment routine or unit 172 at the radio base station 28. 

[000131] Upon receipt of the measurement report from the test user equipment unit 
(UE) 30T, as action 16-5 the closed loop downlink diversity branch delay alignment 
routine or unit 172 calculates a delay adjustment value for the sector downlink signal 
10 processing section 140. The calculated delay adjustment value is then applied to an 
~ appropriate one of the delay adjustment buffers 155. 

[000132] It will be appreciated that the functions of various units and processors 
O described herein can be implemented in various ways, including the functions of (for 
% example) delay alignment unit 72, cell planning unit 74, main processor 70, board 
s _ 15 processor 64; angle of approach determination unit 64-12, processor 170, processor 
u 270, and closed loop downlink diversity branch delay alignment routine or unit 172. 
ft For example, these functions may be implemented, either individually or collectively, 
q using individual hardware circuits, using software functioning in conjunction with a 
^ suitably programmed digital microprocessor or general purpose computer, using an 
20 application specific integrated circuit (ASIC), and/or using one or more digital signal 
processors (DSPs). 

[000133] As appropriate given the diversity considerations, the embodiments described 
above can be implemented in radio access networks of types other than the UTRAN. 
For example, other types of telecommunications systems which encompass radio access 
25 networks include the following: Advance Mobile Phone Service (AMPS) system; the 
Narrowband AMPS system (NAMPS); the Total Access Communications System 
(TACS); the Personal Digital Cellular (PDS) system; the United States Digital 
Cellular (USDC) system; and the code division multiple access (CDMA) system 
described in EIA/TIA IS-95 

30 [000134] While the invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiment, it is to be understood 
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that the invention is not to be limited to the disclosed embodiment, but on the contrary, 
is intended to cover various modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. 
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TABLE 1 

For cell/carrier_ID =1 to 6 

If (|TBranch_diff [cell/carrier_ID]| > TBranch_diff_Thresh) 
then 

If ( TBranch_diff [cell/carrierJD] >= 0) 
then 

TTRX_RF_UL[cell/carrier_ID ( 0] = TTRX_RF_UL[cell/carrier_ID,0] + 
TBranch_diff[cell/carrier_ID] 

Else If ( TBranch_diff [cell/carrier_ID] < 0) 

then 

TTRX_RF_UL[cell/carrier_ID,l] = TTRX_RF_UL[cell/carrier_ID,l] - 
TBranch_diff[cell/carrier_ID] 

Endif 

Send TTRX_RF_UL[cell/carrier_ID,0] and TTRX_RF_UL[cell/carrier_n>, 1 ] 
down to HW 

Endif 

Endfor 



